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Abstract 

We derive a thermal effective action for soft fields in the broken phase 
of the electroweak theory in the limit of a strongly interacting Higgs sec- 
tor. This action is just the proper generalization of the hard thermal 
loop effective action of a Yang-Mills theory when there is a Higgs mech- 
anism and for a heavy Higgs boson. One can obtain from this action the 
thermal corrections to the masses of the W, Z and the photon. 
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We derive a thermal effective action for soft fields in the broken phase of the 
electroweak theory in the limit of a strongly interacting Higgs sector. This action 
is just the proper generalization of the hard thermal loop effective action of a Yang- 
Mills theory when there is a Higgs mechanism and for a heavy Higgs boson. One 
can obtain from this action the thermal corrections to the masses of the W , Z and 
the photon. 



In a non-Abelian plasma, such as the one formed in the high temperature T 
regime of QCD or in the restored phase of the electroweak theory, the effective 
theory for the soft modes is given by a sum of the tree level action plus the the 
hard thermal loop oneld. Soft refers to a physical scale of order ~ gT, where g 
is the gauge coupling constant. The hard thermal loop (HTL) effective action 
Shtl is understood as arising after integrating out the modes of order ~ T 
of the theory. The effective action Shtl gives account of the by now well 
understood phenomena of Debye screening and Landau damping. It has been 
derived using different approaches in the literature. The first and funiiamental 
one was based on an evaluation of individual Feynman diagrams Id, and it 
was essential for all the subsequent developments, as it allowed to recognize 
the importance of the hierarchy of scales T and gT in the plasma. After 
realizing that all the HTL's were related by simple Ward identities a, it was 
then discovered the underlying gauge symmetry principle of the infinite set of 
HTL's u. The fact that Shtl is a gauge invariant action was exploited in a 
subsequent set of papersQ. 

A different language to describe HTLIs, that of kinetic theory, was then 
introduced soon after. Blaizot and lancuQ derived a set of kinetic equations 
from the hierarchy of Schwinger-Dyson equations obtained from the QCD La- 
grangian. There is a different approach to yield the same kinetic equations 
which has as a starting point the Wong equations u. The Wong equations 
are the classical equations of motion of point particles carrying a non-Abelian 
charge. A transport theory can be constructed from those- Wong equationsQ, 
and in the response theory, again it reproduces the HTL'sH. 

We now understand the physics at soft scales in the symmetric phase of 
a hot non-Abelian gauge field theory, and we also have different languages to 
describe the same thermal physical phenomena. The effective action Shtl is 
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essentially a mass term for the chromoelectric fields. Chromomagnetic fields 
are not screened at the same order in the coupling constant, although there is 
the strong belief that a mass for the magnetic degrees of freedom is generated 
non perturbatively. 

In this talk we will derive an effective action for soft fields in a theory 
where the non-Abelian gauge fields are already massive at T = 0. We will 
then concentrate our attention to the electroweak theory in its broken phase. 
And more particularly, wc will consider the limit where the Higgs field becomes 
heavy, and then the Higgs sector becomes strongly interacting. If the Higgs 
boson is very heavy, one can integrate out the Higgs field from the electroweak 
Lagrangian to finally obtain a low energy effective theory which readsia 

^e// = -\ TTiW^.Wn - \ B,,B^^ + ^Tr (i?,,I]i?^St) . (1) 

(see Ref. E3 for notations and conventions). 

This low energy effective theory is interesting due to several reasons. The 
experimental lower bound for the Higgs mass is continuously increasing ( now 
is above 90 GeV) , so the possibility of a heavy Higgs boson is not yet excluded. 
And even if the Higgs boson does not exist, the above Lagrangian would also 
describe the low energy theory of no matter what mechanism is responsible 
for the generation of masses of the gauge bosons. At tree level the model is 
universal, and thus model independent. The model dependence only arises at 
the one-loop level. For example, if one wants to include the effects of quaiitum 
Higgs boson exchange, additional effective interactions are required, thusu 

£4 = LiTt (D^S D^S^)2 + LaTr (D^S D'^T.^'f , (2) 

where Li^2 are model dependent constants. The above terms are higher order 
in an energy expansion. 

We will only consider the thermal effects associated to the lowest (univer- 
sal) effective Lagrangian Eq. (|l|) after integrating out the hard modes of the 
theory. We will not consider the effect of fermions for the time being. 

In the Lagragian Eq. (||) there are three types of fields: the weak isospin 
field W^, the weak hypercharge field S^ and the would-be Goldstone bosons 
(j)"" which are contained in the matrix E, and which are unphysical. This is 
apparent in the unitary gauge S = 1, where the Goldstone fields disappear. In 
this gauge one can easily read the masses of gauge bosons W, the Z and the 
photon, to reach to the well-known values 



MH. = f, M,= VZ+Z!!, M, = 0. (3) 



For loop computations it is however much more convenient to work in a 
different gauge, since in the unitary gauge the gauge field propagators are not 
well behaved in the infrared region. 

To integrate out the hard modea^ of the theory it is convenient to use 
the background field method (BFM)Ej. The BFM is a well-known technique 
to evaluate loop effects, and consists in expanding the tree level Lagrangian 
around the solution of the classical equations of motion. The one-loop effective 
action is then obtained after integrating out the quantum fluctuations. The 
BFM has certain advantages when applied to gauge field theories, as we will 
see. After the vector gauge fields are split into background (or classical) and 
quantum pieces, there are two types of symmetries associated to the tree level 
action. One is associated to the background fields, and the other one is asso- 
ciated to the quantum fields. One can then fix the gauge of the two different 
symmetries independently, as long as the quantum gauge is fixed in a covariant 
way with respect to the background gauge symmetry. The one-loop effective 
action thus-.obtained is automatically respectful with the background gauge 
symmetry £3. 

In the spirit of the BFM, one then introduces an additive splitting for the 
gauge fields, and a multiplicatively one for thje matrix SE3. At that point, one 
can perform a Stueckelberg transformationliS to get rid of the the background 
Goldstone fields, which is equivalent to choosing the unitary background gauge, 
while choosing a different gajoge for the quantum fields. In the unitary back- 
ground gauge one then finds E3 



Seff + SSeff,T 



= Jd^^l -l^^iW^^^Wn - \ ^M-^^" + ^^ Tr Lm - g'Bf^ 




where W^^i, , B^^ are the field strengths of the corresponding background gauge 
fields, and 
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^iT)^v{l^--] , (5) 



^ / ... ,. r3 



^f^ = ^[9W^+g'B^-j , (6) 

fp. = 5^f,-a,f^ + [f^,f,] , (7) 



and Q = (z, q) is a null vector Q^ = 0. The angular integral in (0) is done over 
all directions of the three dimensional unit vector q. One can obtain the same 
action in an anhitrary background gauge just by inverting the Stueckelberg 
transformationE3. 

The above effective action is the proper generalization of the HTL effective 
action in the broken phase of the electroweak theory in the limit of a heavy 
Higgs field. One can obtain the thermal screening masses for all the gauge 
fields by considering the above action in the static limit. One then finds the 
following values for the transverse masses 



(8) 



while for the longitudinal masses one has 

Mz,i(T) = h — (cos 9w - sm 0w) 

+ ^^ cos^ 9w , (9) 

where OulJs the Weinberg angle. The above results agree with those computed 
in Ref. EJ. Notice that the transverse and longitudinal modes get different 
thermal corrections to their masses. 

Let us comment the temperature range of validity of the previous results. 
The above effective action has been derived assuming that Mw ^ T <C \/T2ti. 
The lower limit just tells us that the masses of the gauge bosons are soft. 
The upper limit is just demanded in order to require that the one-loop effects 
computed here are small corrections. If this is not the case, then one cannot 
guarantee that the next to leading order effects are not important. The next 
to leading order effects would arise by considering two loops from Eq. (m) , and 
the (model dependent) one loop effects generated by Eq. (||). 

Let us finally conclude with the observation that it would be very useful 
to derive kinetic equations which describe these thermal effects in the broken 
phase of the electroweak theory. 
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